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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a surveying in-
strument of non-prism type for 3-dimensional measure-
ment.
[0002] When 3-dimensional data is to be surveyed on
an object such as a building within a predetermined
range, there have been disadvantages in the past in that
much time was required and there was limitation in ac-
quired amount of the surveying data because an operator
must determine a measuring point and surveying oper-
ation must be carried out one point after another. By an
automatic surveying instrument, in which surveying op-
eration is automated, raster scanning is performed by
measuring a predetermined range with fine pitch, and a
vast amount of 3-dimensional surveying data can be col-
lected more quickly than in the operation by the surveying
operator. By putting together the vast amount of 3-dimen-
sional data, 3-dimensional display can be achieved.
[0003] In a conventional type automatic surveying in-
strument, a great number of measuring points are re-
quired, and storage capacity of a storage device to store
the data at the measuring points also must be large. In
case unnecessary data is incorporated as measuring da-
ta, the continuity of the data may be lost, and the meas-
urement must be repeatedly carried out in many cases.
[0004] Further, as shown in Fig. 12, when the meas-
uring point is an edge 4 of an object to be measured 3,
a distance-measuring light 2 projected from a surveying
instrument 1 is divided by the edge 4. A part of the light
is reflected by a plane 5 containing the edge 4, and the
other part of the light is reflected by a plane 6 beyond the
edge 4. As a result, the surveying instrument 1 performs
surveying operation based on a reflection light from the
plane 5 before the edge 4 and based on a reflection light
from the plane 6 beyond the edge 4. This causes a prob-
lem that accurate measurement cannot be made on the
portion of the edge 4.
[0005] European patent application EP-A1-1 024 342
discloses a lightwave range finder capable of performing
non-prism measurements using an angle measuring unit
and a distance measuring unit. The angle measuring unit
and the distance measuring unit can respectively meas-
ure distances and angles relative to at least three spec-
ified points on a plane, including measuring points of the
object to be measured. A computing unit can determine
an equation for specifying the plane from the distances
and angles relative to the specified points and determine
an equation indicative of a straight line for connecting the
measuring points from the angles relative to the meas-
uring points, thus allowing a measuring point correspond-
ing to a point where the plane and the straight line inter-
sect to be computed.
[0006] A telescope is used for forming an image of a
target placed at a measuring point and has a telescope
optical system. The telescope optical system comprises

an objective lens and a collimator lens. The objective
lens and the collimator lens correspond to a focus optical
system.
[0007] The focus mechanism comprises an objective
lens frame for fixing the objective lens, a collimator lens
frame for fixing the collimator lens, and a focusing motor
for rotating the collimator lens frame.
[0008] In cases when the magnification of the tele-
scope is normally high and the target object is a relatively
large architecture such as a building, the target object
does not come into the range of the telescope. In this
situation the automatic surveying equipment is scanned
in horizontal and vertical directions so that an image sig-
nal is produced from the solid-state image pickup device.
[0009] When the target object comes into range of the
telescope, template matching can be used. Template
matching is wherein an input pattern and pre-stored
standard patterns are superimposed on one another to
thereby define the most-matched standard pattern as the
result of identification of the input pattern.
[0010] United States patent application US-
A1-2001/031068 is a target detection system using an
EHF radar, in which the processing time is shortened by
mutually complementing the disadvantages of the EHF
radar and the image processing, thereby to improve the
reliability. The system comprises a radar, an image ac-
quisition unit and an image processing ECU. The micro-
computer of the ECU specifies an image recognition area
based on the power output from the radar, and carries
out the image processing only within the specified rec-
ognition area for the image obtained from the image ac-
quisition unit. By performing the image processing only
for the area where a target is detected by the radar, the
time required for image processing is shortened on the
one hand and the erroneous detection of letters on the
road surface or the like is eliminated.

SUMMARY OF THE INVENTION

[0011] It is an object of the present invention to provide
a surveying method and a surveying instrument, by which
it is possible to extensively reduce number of measuring
points and to reliably carry out measurement of an edge
portion.
[0012] The present invention is described in the ensu-
ing claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a perspective view of a surveying instrument
according to an embodiment of the present inven-
tion;
Fig. 2 is a schematical block diagram of an embod-
iment of the present invention;
Fig. 3 is a drawing showing relation between a meas-
urement range and divided images in the embodi-
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ment of the present invention;
Fig. 4 is a drawing of an image, in which edges of
an object to be measured are enhanced in an image
of the measurement range in the embodiment of the
present invention;
Fig. 5 is a drawing to show relation between the
measurement range and scanning and measure-
ment in the embodiment of the present invention;
Fig. 6 is a drawing to show a measuring operation;
Fig. 7 is a drawing to show the measuring operation;
Fig. 8 is a drawing to show the measuring operation;
Fig. 9 is a drawing to show the measuring operation;
Fig. 10 is a flow chart to explain the measuring op-
eration;
Fig. 11 is a drawing to explain the measuring oper-
ation; and
Fig. 12 is a drawing to explain a conventional exam-
ple.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0014] Description will be given below on the best
mode to carry out the present invention referring to the
drawings.
[0015] Fig. 1 represents an external appearance of a
surveying instrument (total station) according to the
present invention. In the figure, a surveying instrument
1 comprises an electronic theodolite for detecting angles
(vertical angle and horizontal angle) and a light wave
distance-measuring system.
[0016] The surveying instrument 1 primarily comprises
a telescope unit 8, a frame unit 9 for rotatably supporting
the telescope unit 8 in upward and downward direction,
a base unit 11 for rotatably supporting the frame unit 9
to rotate in horizontal direction, and a leveling unit 12 for
supporting the base unit 11. The leveling unit 12 can be
mounted on a tripod or the like.
[0017] An optical system including an objective lens
13, an image pickup unit, etc. are incorporated in the
telescope unit 8. The frame unit 9 comprises a display
unit 14 and an operation/input unit 15.
[0018] Referring to Fig. 2, description will be given now
on general arrangement of the surveying instrument 1.
[0019] In the figure, reference numeral 1 denotes the
surveying instrument, and 3 denotes an object to be
measured such as a wall surface or a corner cube surving
as a measuring point.
[0020] The surveying instrument 1 mainly comprises
a display unit 14, an operation/input unit 15, a control
arithmetic operation unit 17, a vertical angle measuring
unit 18, a horizontal angle measuring unit 19, a storage
unit 21, a distance-measuring unit 24, a light emitting unit
25, a photodetection unit 26, an image pickup unit 27, an
image processing unit 28, a vertical driving unit 29, a
horizontal driving unit 31, an optical system 32, etc.
[0021] The vertical angle measuring unit 18 measures
a vertical angle with respect to a horizontal line when the

object to be measured 3 is collimated by the optical sys-
tem 32, and the horizontal angle measuring unit 19 meas-
ures a horizontal angle of the object to be measured 3
with respect to a reference direction when a predeter-
mined direction is defined as the reference direction. In
the storage unit 21, various programs are stored, such
as a sequence program for measurement, an image
processing program for performing image processing, a
program for calculating a straight line specified by at least
two points based on measurement data at these points
(distance, vertical angle, and horizontal angle) and for
calculating a mathematical formula to indicate a flat plane
on a 3-dimensional coordinate based on measuring data
of at least three points. Further, surveying data from sur-
veying operation and image data after image processing
are stored. As the storage unit 21, various types of re-
cording medium can be adopted such as FD, CD, DVD,
RAM, ROM, hard disk, memory card, etc.
[0022] A measurement starting command or a meas-
uring condition, etc. are inputted by a surveying operator
from the operation/input unit 15 when distance measure-
ment is performed. Measuring conditions during survey-
ing operation, the result of surveying and an image taken
during surveying operation, and the result of image
processing are displayed on the display unit 14.
[0023] A distance-measuring light 2 is projected from
the light emitting unit 25 toward the object to be measured
3. The photodetection unit 26 receives the distance-
measuring light reflected by the object to be measured
3. Based on a photodetection signal from the photode-
tection unit 26, the distance-measuring unit 24 acquires
a distance to the object to be measured 3, and inputs a
distance signal to the control arithmetic operation unit 17.
[0024] The light emitting unit 25 is driven by the vertical
driving unit 29 and the horizontal driving unit 31, and the
light emitting unit 25 is directed toward the object to be
measured 3.
[0025] At the control arithmetic operation unit 17, each
of image signals (image data) inputted from the image
processing unit 28 is associated with a vertical angle sig-
nal from the vertical angle measuring unit 18 when the
image data is acquired. Each of image signals is also
associated with a horizontal angle signal from the hori-
zontal angle measuring unit 19, and with the distance
signal from the distance-measuring unit 24 (surveying
data at a collimation point for each image), and the results
are stored in the storage unit 21. Further, the image data
are associated with each other based on the surveying
data for each image data.
[0026] The image data are associated with the survey-
ing data. The associating of the image data with the sur-
veying data is carried out by the method already known
as follows: A recording area is prepared for each meas-
uring point at the storage unit 21. An image data storage
area and a surveying data storage area are further pre-
pared within the recording area. Then, for each measur-
ing point, the image data associated with the surveying
data are recorded in the recording area. Or, an image
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data storage area and a surveying data storage area are
prepared at the storage unit 21, and the image data and
the surveying data are separately stored at the image
data storage area and the surveying data storage area.
Also, a management data is prepared to link the image
data with the surveying data and to associate the image
data with each other.
[0027] After the associating process between each im-
age data has been completed, a joined image based on
two or more images can be composed. Because a field
angle of each image corresponds to an angle of view of
the image pickup unit 27 and is already known, and be-
cause a point of collimation, i.e. the center of the image,
is also already known in the surveying data stored, sur-
veying data at any desired point of the joined image can
be calculated from the surveying data of the collimation
point and from the field angle in the image.
[0028] When 3-dimensional surveying is performed by
using the surveying instrument as described above, it is
necessary to incorporate an image in a measurement
range. In case the measurement range exceeds the
range of field angle of the telescope, the image should
be incorporated by dividing as shown in Fig. 3. The range
to be divided and incorporated is determined by collimat-
ing two points on a diagonal line of a rectangle, for in-
stance. In case a camera is provided, which can incor-
porate an image of wide angle, it is possible to specify
the range on a display screen of the display unit 14.
[0029] The surveying instrument comprises the angle
measuring means and the driving means. By changing
the direction of collimation at a predetermined angle, the
image is divided and automatically incorporated. Al-
though the surveying instrument can divide the angle with
high accuracy, it is preferable that the images are incor-
porated with some overlapping region 36, because the
divided images 35 are combined and joined to make up
a single image.
[0030] The image data acquired by image pickup is
processed by image processing and edges are extracted.
For edge extraction, edge enhancement is performed by
using a spatial filter such as Laplacian, SOBEL, CANNY,
etc. Laplacian edge enhancement is to enhance edge by
using a differential image.
[0031] Fig. 4 represents an example of a drawing of
edge enhancement. Corners of a building 37 are en-
hanced, and these are discriminated from planar portions
such as walls and windows. However, edges are en-
hanced also for the other unnecessary data. For in-
stance, these unnecessary data include a thicket 38, pav-
ing stones 39 and external patterns of the building. These
are not needed as the data for the position and the height
of the building. The thicket 38 and the paving stones 39,
etc. are not associated with the surveying data but are
left intact as images. External patterns of the building are
associated as the data of planes surrounded by edges.
The thicket 38 is a data with irregular edges and is rela-
tively intelligible. Therefore, irregular edge data are ex-
cluded from the measurement data. The paving stones

39 and block patterns are regular and are difficult to dif-
ferentiate from the other data, but the data of fine align-
ment above a certain level must be excluded from the
measurement data.
[0032] Fig. 5 represents an aspect where the meas-
urement range is scanned and measured. Measurement
is performed at a predetermined pitch, and scanning is
carried out on a predetermined range. For the scanning,
portions without edges are already known in the edge
processing, and scanning is not performed, and the scan-
ning is done for the shortest distance. In case a straight
edge is present, there are graded steps in many cases.
By measuring a distance and a position on both sides of
the edge, error can be eliminated by direct measurement
of the edge portion.
[0033] For a straight line edge portion and an edge
corner, the position of the edge portion can be identified
because the positions of pixels to make up the image
can be calculated from the image center and from the
field angle. A corner 7 may be rounded, and it can be
calculated as an intersection of straight line edges. The
range surrounded by the straight line edges is a plane,
which constitutes the external view of the building.
[0034] As shown in Fig. 7, an image data Ia obtained
by image pickup is processed by image processing, and
an edge 4 is extracted.
[0035] The control arithmetic operation unit 17 can de-
termine a position near the edge 4 of the object to be
measured 3 from the position of the edge 4 in the image,
and the optical system 32 is driven and controlled so that
the position of collimation will be near the edge 4 (at a
position deviated by a beam diameter of the distance-
measuring light). Surveying operation is performed by
shifting the position of collimation with an optimal meas-
uring point "a" (Xa, Ya) positioned near the edge 4. The
distance-measuring light 2 is not divided by the edge 4
as shown in Fig. 12, and accurate surveying operation
can be carried out. For the selection and the surveying
of the optimal measuring point, appropriate points near
the edge 4, e.g. two points near the edge 4 interposed
between these points, are surveyed. By surveying two
points near the edge 4 interposed between them, the
position of the edge 4 can be clearly identified from the
results of measurement.
[0036] Positional relation between the edge 4 and the
optimal measuring point "a" (Xa, Ya) can be calculated
from the image. By surveying at least two apart points
along the edge 4, 3-dimensional measurement can be
carried out on the edge 4.
[0037] Images of necessary portions including an edge
4’, which perpendicularly crosses the edge 4 of the object
to be measured 3, are taken, and an image data Ib is
picked up (See Fig. 7). By image processing, the edge
4’ is extracted, and surveying operation is performed by
shifting the position of collimation with a point near edge
4’ as an optimal measuring point "b" (Xb, Yb).
[0038] Further, from the edge 4 of the image data Ia,
a linear equation La representing the edge 4 can be cal-
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culated, and a linear equation Lb representing the edge
4’ can be calculated from the edge 4’ of the image data
Ib. The edge on the image data may be a straight line
with variation caused by such as the variation of photo-
detection of pixels in the photodetection element. In this
case, the straight line is calculated by a method such as
least square method. From the results of surveying, the
linear equations La and Lb on the 3-dimensional coordi-
nate can be calculated.
[0039] An intersection of the linear equation La with
the linear equation Lb is calculated, and the point ob-
tained by the calculation represents the position of the
corner 7 of the object to be measured 3 (See Fig. 6 and
Fig. 9). A position deviated from the corner 7 of the object
to be measured 3 by the diameter of the beam is defined
as an optimal measuring point "c" (Xc, Yc), and the optical
system 32 is directed toward the optimal measuring point
"c" (Xc, Yc).
[0040] As shown in Fig. 8, when an image data Ic in-
cluding the corner 7 of the object to be measured 3 can
be picked up, the position of the corner 7 on the image
can be immediately determined by edge extraction
through image processing of the image data Ic, and the
optimal measuring point c (Xc, Yc) near the corner 7 can
be determined.
[0041] Thus, accurate measurement can be performed
on the optimal measuring point a (Xa, Ya) near the edge
4, the optimal measuring point b (Xb, Yb) near the edge
4’,and the optimal measuring point c (Xc, Yc) near the
corner 7.
[0042] By extracting all edges of the object to be meas-
ured 3, by surveying and calculating adequate positions
near the edges, and by acquiring surveying data of each
edges, a 3-dimensional contour of the object to be meas-
ured 3 can be determined. A series of operations as given
here are executed according to a surveying sequence
program, which has been stored into the storage unit 21
by the control arithmetic operation unit 17.
[0043] In general, a building consists of planes. Thus,
a plane including two edges can be calculated from at
least two edges (straight lines representing edges). Ac-
cordingly, 3-dimensional measurement of the object to
be measured 3 can be made by extracting and surveying
the edges of the object to be measured 3.
[0044] Description will be given below on 3-dimension-
al measurement referring to Fig. 10 and Fig. 11.
[0045] A measurement range is determined, and an
image in the measurement range is incorporated.
[0046] It is judged whether the measurement range is
larger than the field angle of the image pickup unit 27 or
not. If it is larger, the measurement range is divided, and
images are acquired. Further, the images are combined
and joined.
[0047] Edge processing is performed on the images,
and edges are extracted. On the edges thus extracted,
it is judged whether there is unnecessary data or not. If
there is unnecessary data, unnecessary edge data is de-
leted. Unnecessary data includes irregular edge data, or

edge data of finer alignments above a certain level by
comparing with the scale of the object such as building.
[0048] The measurement range is scanned and meas-
ured. Further, a position of the straight line edge on the
image is calculated. Measurement (distance measure-
ment and angle measurement) is performed on both
sides interposing the straight line edge therebetween.
[0049] By the measurement of the edges, an area sur-
rounded by the edges is identified, and a plane made up
by the area can be identified.
[0050] A position of a corner can be determined by an
intersection of straight line edges, which cross each oth-
er. The position of the corner on the image is calculated,
and the corner can be measured.
[0051] By measuring the straight line edges and cor-
ners, 3-dimensional data (3-dimensional coordinate) of
the object to be measured 3 can be obtained.
[0052] Referring to Fig. 11, description will be given
now on a case where surveying operation is performed
on the object to be measured 3, for instance, by using a
building 37 within the measurement range shown in Fig.
4 as the object to be measured 3.
[0053] A measurement range is determined, and an
image of a portion including the object to be measured
3 is incorporated. Edges 4a, 4b, ......, 4f are extracted
from the image, and measurement by scanning is carried
out.
[0054] Also, surveying is performed on both sides of
the edges 4a, 4b, ......, 4f. The results of surveying of the
edges 4a, 4b, ......, 4f and a straight line representing the
edges 4a, 4b, ......, 4f are obtained. Further, intersections
(positions of corners) of the edges 4a, 4b, ......, 4f are
determined. Then, an area of a plane surrounded by the
edges 4a, 4b, ......, 4f is calculated.
[0055] Thus, 3-dimensional measurement of an area
of a plane surrounded by the edges 4a, 4b, ......, 4f in-
cluding corners can be carried out.
[0056] Similarly, 3-dimensional measurement is per-
formed on a plane, which is surrounded by edges 35a,
35b, 35c and 35d. By carrying out 3-dimensional meas-
urement on a plane surrounded by the edges sequen-
tially, it is possible to perform 3-dimensional measure-
ment (i.e. calculation of 3-dimensional coordinate) of the
object to be measured 3.
[0057] Surveying operation may be carried out at least
near edges and near corners. This contributes to exten-
sive reduction of the measuring points and considerable
reduction of the storage capacity of the storage unit 21
and of the burden on the control arithmetic operation unit
17 to perform the calculation necessary for surveying op-
eration.
[0058] Next, the image data is associated with survey-
ing data and is stored in the storage unit 21. Because
the image data are associated with each other via the
surveying data, a joined image can be formed based on
a plurality of image data. Based on the calculation of 3-
dimensional coordinate, a 3-dimensional image can be
formed. Thus, it is possible to visually identify the result
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of 3-dimensional measurement, and surveying data at
any point as desired on the image can be obtained by
calculation. Joining of image data can be carried out
based on the edge data thus obtained.
[0059] As described above, a position and a height of
a building or a construction or a construction site can be
identified from intersections of edges and distance-
measuring angle of the points between the edges. By
associating positions thus identified on the image, the
data for 3-dimensional measurement with the image is
obtained. This makes it possible to display a 3-dimen-
sional image on a 2-dimensional screen such as a display
unit, and to promptly obtain a position specified on the
image.

Claims

1. A surveying method comprising the steps of acquir-
ing an image of a measurement range, extracting
straight edges by image processing of said image,
determining a position of said straight edge on said
image, selecting optimal measuring points on both
sides of the straight edge interposing the straight
edge therebetween and near the edge from said im-
age based on the determined position of the straight
edge, moving a collimating position to the deter-
mined optimal measuring points, and performing
surveying operation on the measuring points.

2. A surveying method according to claim 1, comprising
a step of excluding irregular edge data from the ex-
tracted edges.

3. A surveying method according to claim 1, comprising
a step of excluding edge data including fine align-
ment above a certain level from the extracted edges.

4. A surveying method according to claim 1, further
comprising a step of joining two or more image data
based on the extracted edge data.

5. A surveying method according to claim 1, comprising
the steps of calculating linear equations respectively
from the image data with respect to two straight edg-
es (4) crossing each other, calculating an intersec-
tion from two linear equations, selecting optimal
measuring points near the calculated intersection,
and performing surveying operation on the selected
optimal measuring points.

6. A surveying method according to claim 5, further
comprising the steps of surveying near the edge and
near the edge intersection on the extracted straight
edges (4), calculating a plane surrounded by the
straight edges and calculating surveying data of any
desired point of said plane from the result of calcu-
lation.

7. A surveying method according to claim 6, further
comprising a step of storing and associating the cal-
culated plane with the straight edge data.

8. A surveying instrument comprising an optical system
(32) arranged for collimating a measuring point, a
driving unit (29, 31) arranged for performing scan-
ning in a measurement range of said optical system,
a distance-measuring unit(24) comprising a light
wave distance measuring system, an image pickup
unit(27) arranged for taking an image in the meas-
urement range, an image processing unit(28) ar-
ranged for performing image processing to extract
straight edges(4) from the image picked up, and a
control arithmetic operation unit (17): arranged for
selecting points on both sides of the straight edge
interposing the straight edge therebetween and near
the straight edge as measuring points on the image
picked up, arranged for controlling said optical sys-
tem so as to collimate the selected measuring points
respectively, and arranged for controlling said dis-
tance-measuring unit to carry out surveying opera-
tion of the measuring points.

9. A surveying instrument according to claim 8, wherein
said image processing unit (28) is arranged to extract
two straight edges (4) crossing each other, and said
control arithmetic operation unit (17) is arranged to
select a measuring point which is near an intersec-
tion of the two straight edges.

10. A surveying instrument according to claim 8, wherein
said control arithmetic operation unit (17) is arranged
to regard an area surrounded by straight edges (4)
as a flat plane, and is further arranged such that a
3-dimensional coordinate value of said flat plane is
calculated from the result of surveying of the meas-
uring point near the straight edges.

11. A surveying instrument according to claim 8, wherein
said control arithmetic operation unit (17) is arranged
to select at least two measuring points with the
straight edge (4) interposed therebetween.

12. A surveying instrument according to claim 8, further
comprising a storage unit (21) arranged for storing
a program for performing procedures to pick up the
measurement range, to extract straight edges (4)
from the image picked up thus acquired, to select a
point near the straight edge on the image picked up
as a measuring point, and to perform surveying by
scanning of the optical system (32) in said measure-
ment range.

13. A surveying instrument according to claim 10, where-
in said control arithmetic operation unit (17) is ar-
ranged to calculate a flat plane surrounded by the
straight edges (4), and the storage unit (21) is ar-
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ranged to store the calculated plane associated with
edge data.

Patentansprüche

1. Vermessungsverfahren, das die Schritte des Auf-
nehmens eines Bilds eines Messbereichs, des Ex-
trahierens gerader Kanten durch Bildverarbeitung
des Bildes, des Ermittelns einer Position der geraden
Kante auf dem Bild, des Auswählens optimaler Mes-
spunkte auf beiden Seiten der geraden Kante, des
Anordnens der geraden Kante zwischen diesen und
nahe der Kante, aus dem Bild basierend auf der er-
mittelten Position der geraden Kante, des Bewegens
einer Kollimationsposition zu den ermittelten optima-
len Messpunkten, und des Durchführens einer Ver-
messungsoperation für die Messpunkte beinhaltet.

2. Vermessungsverfahren nach Anspruch 1, das einen
Schritt des Ausschließens von unregelmäßigen
Kantendaten aus den extrahierten Kanten beinhal-
tet.

3. Vermessungsverfahren nach Anspruch 1, das einen
Schritt des Ausschließens von Kantendaten ein-
schließlich Feinanpassung über einem bestimmten
Niveau von den extrahierten Kanten beinhaltet.

4. Vermessungsverfahren nach Anspruch 1, das des
Weiteren einen Schritt des Zusammenfügens von
zwei oder mehreren Bilddaten basierend auf den ex-
trahierten Kantendaten beinhaltet.

5. Vermessungsverfahren nach Anspruch 1, das die
Schritte des Berechnens jeweiliger linearer Glei-
chungen aus den Bilddaten bezüglich zweier gera-
der Kanten (4), die einander kreuzen, des Berech-
nens eines Schnittpunkts aus zwei linearen Glei-
chungen, des Auswählens optimaler Messpunkte
nahe dem berechneten Schnittpunkt, und des
Durchführens einer Vermessungsoperation auf die
ausgewählten optimalen Messpunkte beinhaltet.

6. Vermessungsverfahren nach Anspruch 5, das des
Weiteren die Schritte des Vermessens nahe der
Kante und nahe des Kantenschnittpunkts an den ex-
trahierten geraden Kanten (4), des Berechnens ei-
ner Ebene, die von den geraden Kanten umgeben
ist, und des Berechnens von Vermessungsdaten je-
des gewünschten Punkts der Ebene aus dem Be-
rechnungsergebnis beinhaltet.

7. Vermessungsverfahren nach Anspruch 6, das des
Weiteren einen Schritt des Speicherns und Zuord-
nens der berechneten Ebene zu den geraden Kan-
tendaten beinhaltet.

8. Vermessungsvorrichtung mit einem optischen Sys-
tem (32), das zum Kollimieren eines Messpunkts
ausgelegt ist, einer Antriebseinheit (29, 31), die zum
Durchführen von Abtasten in einem Messbereich
des optischen Systems ausgelegt ist, einer Distanz-
messeinheit (34), die ein Lichtwellen-Distanzmess-
system aufweist, eine Bildaufnahmeeinheit (27), die
zum Aufnehmen eines Bildes in dem Messbereich
ausgelegt ist, eine Bildverarbeitungseinheit (28), die
zum Durchführen von Bildverarbeitung ausgelegt ist,
um gerade Kanten (4) aus dem aufgenommenen
Bild zu extrahieren, und eine Rechenoperations-
Steuereinheit (17), die zum Auswählen von Punkten
auf beiden Seiten der geraden Kante, zwischen de-
nen sich die gerade Kante befindet, und nahe der
geraden Kante, als Messpunkte auf dem aufgenom-
menen Bild ausgelegt ist, eingerichtet zum Steuern
des optischen Systems, um die jeweiligen ausge-
wählten Messpunkte zu kollimieren, und eingerichtet
zum Steuern der Distanzmesseinheit, um eine Ver-
messungsoperation der Messpunkte durchzufüh-
ren.

9. Vermessungsvorrichtung nach Anspruch 8, wobei
die Bildverarbeitungseinheit (28) dazu ausgelegt ist,
zwei gerade zueinander kreuzende Kanten (4) zu
extrahieren, wobei die Rechenoperations-Steuer-
einheit (17) dazu ausgelegt ist, einen Messpunkt
auszuwählen, der sich nahe einem Schnittpunkt der
beiden geraden Kanten befindet.

10. Vermessungsvorrichtung nach Anspruch 8, wobei
die Rechenoperations-Steuereinheit (17) dazu aus-
gelegt ist, einen Bereich, der von geraden Kanten
(4) umgeben ist, als zweidimensionale Ebene zu be-
trachten, und des Weiteren derart ausgelegt ist, dass
ein dreidimensionaler Koordinatenwert der zweidi-
mensionalen Ebene aus dem Ergebnis des Vermes-
sens des Messpunkts nahe der geraden Kanten be-
rechnet wird.

11. Vermessungsvorrichtung nach Anspruch 8, wobei
die Rechenoperations-Steuereinheit (17) dazu aus-
gelegt ist, wenigstens zwei Messpunkte auszuwäh-
len, wobei sich die gerade Kante (4) dazwischen be-
findet.

12. Vermessungsvorrichtung nach Anspruch 8, die des
Weiteren eine Speichereinheit (21) aufweist, die
zum Speichern eines Programms zum Durchführen
von Verfahren ausgelegt ist, um den Messbereich
aufzunehmen, um gerade Kanten (4) aus dem so
erhaltenen aufgenommenen Bild zu extrahieren, um
einen Punkt nahe der geraden Kante auf dem auf-
genommenen Bild als Messpunkt auszuwählen, und
um Vermessen durch Abtasten des optischen Sys-
tems (32) in dem Messbereich durchzuführen.
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13. Vermessungsvorrichtung nach Anspruch 10, wobei
die Rechenoperations-Steuereinheit (17) dazu aus-
gelegt ist, eine zweidimensionale Ebene zu berech-
nen, die von den geraden Kanten (4) umgeben ist,
und wobei die Speichereinheit (21) dazu ausgelegt
ist, die berechnete Ebene, die zu Kantendaten ge-
hört, zu speichern.

Revendications

1. Procédé d’arpentage comprenant les étapes consis-
tant à acquérir une image d’une plage de mesures,
extraire des bords droits par un traitement d’image
de ladite image, déterminer une position dudit bord
droit sur ladite image, sélectionner des points de me-
sure optimaux des deux côtés dudit bord droit inter-
posant le bord droit entre ces derniers et près du
bord de ladite image en se basant sur la position
déterminée du bord droit, déplacer une position de
collimation vers les points de mesure optimaux dé-
terminés, et effectuer l’opération d’arpentage sur les
points de mesure.

2. Procédé d’arpentage selon la revendication 1, com-
prenant une étape consistant à exclure des données
de bord irrégulier depuis les bords extraits.

3. Procédé d’arpentage selon la revendication 1, com-
prenant une étape consistant à exclure des données
de bord incluant un alignement fin au-dessus d’un
certain niveau depuis les bords extraits.

4. Procédé d’arpentage selon la revendication 1, com-
prenant en outre une étape consistant à joindre deux
ou plusieurs données d’image en se basant sur les
données de bord extraites.

5. Procédé d’arpentage selon la revendication 1, com-
prenant les étapes consistant à calculer des équa-
tions linéaires respectivement à partir des données
d’image en ce qui concerne deux bords droits (4) se
croisant, calculer une intersection à partir de deux
équations linéaires, sélectionner des points de me-
sure optimaux près de l’intersection calculée, et ef-
fectuer une opération d’arpentage sur les points de
mesure optimaux sélectionnés.

6. Procédé d’arpentage selon la revendication 5, com-
prenant en outre les étapes consistant à arpenter
près du bord et près de l’intersection de bord sur les
bords droits extraits (4), calculer un plan entouré par
les bords droits et calculer des données d’arpentage
de n’importe quel point souhaité dudit plan à partir
du résultat de calcul.

7. Procédé d’arpentage selon la revendication 6, com-
prenant en outre une étape consistant à stocker et

associer le plan calculé aux données de bord droit.

8. Instrument d’arpentage comprenant un système op-
tique (32) agencé pour collimater un point de mesu-
re, une unité d’entraînement (29, 31) agencée pour
effectuer un balayage dans une plage de mesures
dudit système optique, une unité de mesure de dis-
tance (24) comprenant un système de mesure de
distance d’onde lumineuse, une unité de prise d’ima-
ge (27) agencée pour prendre une image dans la
plage de mesure, une unité de traitement d’image
(28) agencée pour effectuer un traitement d’image
pour extraire des bords droits (4) depuis l’image pri-
se, et une unité de commande d’opération d’arith-
métique (17) agencée pour sélectionner des points
des deux côtés du bord droit interposant le bord droit
entre ces derniers et près du bord droit en tant que
points de mesure sur l’image prise, agencée pour
commander ledit système optique afin de collimater
les points de mesure respectivement sélectionnés,
et agencée pour commander ladite unité de mesure
de distance pour effectuer une opération d’arpenta-
ge des points de mesure.

9. Instrument d’arpentage selon la revendication 8,
dans lequel ladite unité de traitement d’image (28)
est agencée pour extraire deux bords droits (4) se
croisant, et ladite unité de commande d’opération
arithmétique (17) est agencée pour sélectionner un
point de mesure qui est près d’une intersection des
deux bords droits.

10. Instrument d’arpentage selon la revendication 8,
dans lequel ladite unité de commande d’opération
arithmétique (17) est agencée pour considérer une
zone entourée par des bords droits (4) en tant que
plan plat, et est en outre agencée de sorte qu’une
valeur de coordonnée à 3 dimensions dudit plan plat
est calculée à partir du résultat d’arpentage du point
de mesure près des bords droits.

11. Instrument d’arpentage selon la revendication 8,
dans lequel l’unité de commande d’opération arith-
métique (17) est agencée pour sélectionner au
moins deux points de mesure, le bord droit (4) étant
interposé entre ces derniers.

12. Instrument d’arpentage selon la revendication 8,
comprenant en outre une unité de stockage (21)
agencée pour stocker un programme pour effectuer
des procédures pour prendre la plage de mesure,
pour extraire des bords droits (4) à partir de l’image
prise ainsi acquise, pour sélectionner un point près
du bord droit sur l’image prise en tant que point de
mesure, et pour effectuer un arpentage en balayant
le système optique (32) dans ladite plage de mesure.

13. Instrument d’arpentage selon la revendication 10,
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dans lequel ladite unité de commande d’opération
arithmétique (17) est agencée pour calculer un plan
plat entouré par les bords droits (4) et l’unité de stoc-
kage (21) est agencée pour stocker le plan calculé
associé aux données de bord.
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